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ECONOMICAL DRIVE FOR LARGS TUBS MILLS BY MEANS OF PLANSIARY GEARS 
by W. Ackle* Zu«rioh 
1. Introduction 

When the managers responsible for cement operations encounter 
an unfamiliar technical element* there generally is a good deal of 
skepticism. This is understandable* especially when cne considers! 

- The operational security of a large production installation* 
as it would be directly affected. 

- The technical particulars may be quite unfamiliar in concept 
to the builder of the cement installation. 

and 

- The manager may have had bad experiences with other similar 
devices, which may indeed have the same name* but with totally 
different quality and construction principles. 

> 

But if a technical solution has proven itself in a certain 
practical application, there is no doubt that it will attract interest 
among builders of cement installations. It will tend to be remembered 
over the period of years while it is accumulating an operational 
history, and while the state of its technical development is being 
improved. 

These conditions are met for the Maag central drive with 
planetary gears for large tube ball mills. 

Among the properties of this construction arrangement which • 
are attracting favorable attention is the superior operational 
.safety. But increasingly important as well is the economy possible 
in an installation which requires great amounts of energy. It is 
not only the energy requirement itself in a large installation which 
causes significant costs t even more important is the optimal use 
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01' ti.u total available ^.ucr.tity of energy. This must be utilized 
in the oement production process in the most prudent manner possible. 

The purpose of the present article is to furnish a status 
report dealing with present conditions, and to deal with a 
number of specific points in detail. 

. The problems d^ealt with here constitute an expansion of results 
already published. 

■2 . Extent of Experience with Pla netary Gears 

Figures 1 and 2 show the range of experience on which these 
remarks are based. 

The total transfer capacity of Maag planetary gears contracted 
for by the’ Cement industry up to the end of 197^+ comes to about 
150,000 IIP, and this capacity is divided into 32 drive units. The 
distribution of the drive units into, the various capacity ranges is 
represented by Figure 2. 

Counting the output of about ?0^ of the planetary gears referred 
to above, about 350*000 operational hours were logged by the end of 
197^. This corresponds to about 900 million tons of cement. 

The climatic conditions in which these drives were used 
range from moderate to tropical. 

3 . Drive Systems 

The basic conception chosen for the. planetary gear and the 
'system of sxiallv c oupled machine groups (Figure 3) has proven 

i) AcKie, W., Planetary Gears for the Driving of Large Tube Ball 
mills, (Translation of Planetengetriebe zum Antrieb von grossen 
Rohrkugelmuehlen, ) Zement-Kalk-Gips 22 (1969), I25. 
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Flgur« It 



To tel cepaoity of Maag planetary geari being ueed in 
the cement induetry. 



Power range in HP tines 1000 



Figure 2i Capacity range of the Maag planetary geera contracted 
for by the cement industry up to 197^* 


itself in practice. . During the time of operation« refinements 
leading to increased safety or simplification were carried out. 


Double planetary gears oan be manufactured .with a transfer 
capacity of up to 10,000 kW. 
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Figure 3t Axially coupled machine group. 

A Mill 

B Diacharge tap 

C Jaw clutch coupling with torsion 
shaft and axial play limiter 
D Planetary gear 

E Jaw clutch coupling with intermediate 
piece and axial play limiter 
F Electro motor 
G Planetary support 2nd Stage 
K Planetary support 1st stage 
I Sun pinion 1st stage 

K1 Mounting control distance, planetary gear 
K2 Mounting control distance between motor and gear 
. K3 Mounting control distance, electromotor 


Three clearly differentiated systems are to be distinguished, 
with reference to bearings, and temperature deformationi 

Axially -fixed bearings Subordinate machine element 

LI A, B, C, G 

L2 H 

L3 • J, E, F 

Uncontrollable axial pressures resulting from thermal defor- 
mation are avoided in each of the three systems. 
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?igur« shows s mill with ths sntirs drivs group* consisting 
of I 

planetary gsar* slsotromotor* auxiliary drive* and lubri- 
cation installation* 

• 

It is advantageous to locate the lubrication oil unit directly 
beneath the gear in a closeable* dust-free room. When the instru- 
mentation board is fastened to the concrete fcundaticn well* it 
is easily seen* it is protected frem damage* and is easily access- 
able • 


Figure 5 shows the simple technical gear ccnstructicn. 

In each stage, a system-determined* equalized diatribution cf 
moment of inertia is achieved* 

The small foot- supporting surfaces* which bear a section of the 
two-way central drive* prevent operation where there would be only 
tip contact of the gear teeth* which might result from housing 
deformation caused by non-planar installation surfaces* 

The perpendicular teeth permit telescopic axial sliding 
into one another in case of temperature deformation* without 
damaging housing deformation forbes being generated* 

Operations! Experiences* 

4.1 Tooth flanks after full-load operation* 

Experience with individually hardened* corrected* and 
ground tooth arrays can be summarized as follows t 

Cpare toothed gear parts were not needed in any case 
studied. Even after 6 years of full-load operation* teeth still 
exhibited an essentially new condition* Grinding marks on the flanks 
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Figure 4s Tube mill with planetary gear - central drive* 

were for the most part still visible. The wide-spread misconception 
that the efficiency of the gears decreases with the 
number of hours of operation, was effectively refuted by this 
determination. 

In addition, the tooth flank upper surfaces observed in the 
same drive, in three Jaw clutch couplings, were in very satisfactory 
condition. 


4.2 Planetary axles after full-load operation 

Figure 6 shows planetary axles after an operational time of 
4 years. The chafing marks on their bearing metal surface indi- 
cated essentially new condition* 

In central bearings with reduced loads, the chafing picture 
is even more pronounced. 

The chosen type of bearing (that is, pressurized oil lubricated) 
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fully the expectations placed upon it* 


In a prototype gear* planetary axles were used whioh possessed 

fastened bearing metal surfaces. They have not proven themselves 

reliallo. 

When the bearing damage thus apreared» and since a spare 
bee ring vas not available, the operation was ‘interrupted for 
a, very short tlr.e, while the babbit netal was replaced. 

As a result of that bearing failure, there was. however, no 
damage suffered by the teeth. This could not be expeoted of 
roller bearings . 

4.3 Caagg 

Small alterations in the electrical starting system led in 
one case to an unsymmetrical turning field, and corresponding 
fluctuations in moment of inertia in extraordinary magnitude. 

The gear accepted this unusual demand without negative side-effeots. 

Drive, separated from the mill 

In the cases of mill disassembly, repair, or replacement of 
end'wall pieces, the principle of a free-standing mill tube was 
seen to be advantageous and time-saving. Then the drive group 
did not need to be moved in such kinds of work. 

4.5 Unusual Mill Temperatures 

The temperature of the mill can be substantially increased 
by, for example, failure of the control parts, and by injection with 
hot clinker. The resultant machine deformations can easily be 
dealt with by the systems described, 

4.6 Monitoring of the Gear 
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Figure 5i Planetary gear with eleotromotor and auxiliary drive. 


The func :ion of the apparatua should regularly be oheoked 
means of a -few simple instruments, and the parameters should be 
fixed in writing. Avoidable extensions of teohnioal apparatus 
should be eliminated. 

Experience has shown that a small number of carefully observed 
instruments, and monitored values are fully sufficient for optimum 
conditions . 

4.7 Electromotor without_axial bearings ■ 

The minimal axial distanoes between motor bearii^ and shaft 
joint are represented by the values in Figure ?• It is necessary 
to differentiate between "cold status at mount ing" and •* warm 
status in operation”. 

In making axial adjustments during machine installation, it 
is important to consider the axial length variation caused by 
temperature deformation. The rotor must lie axislly in the 
magnetic field of the. motor during operation. 


omottm. PAQt IS 
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Figure 6: 



Planetary axles after 4 years full-load operation 


position at operating tenperature 
position cold at mounting 
r without axial bearing 


oove 

elow 


Che control distance K3 (Figure 7) to be mainta 
stallation should be engraved by the motor manufac 
early visible location. 



Thtf aiynchronoua «l«ctronotor* attaohtd to • mtdiun voltago 
notwork of 6 to 11 kV« hat a numhor of impoi.n*',. % ad/antagtt ov«r 
a tynchror40ut machint. Among theta art a high Ocgx^a of e.Tlcionoy, 
a raatonable power factor, at wall at amall axpanta for upkaap and 
lower incidence of damage. Purthar. there are no undatarminata 
ritkt of. for example, network ditrupting influanoat. at would 
be the case in frequency controlled, alow running aynohronoua 
motors. Hequirementa of the energy tupplier cancel each other out 
in these cost contiderationt. It it important to consider in the 
planning stages the usual compensation of reactive current, as 
well as the utilizaticn of periods of lower current demand, such 
at nights and weekends* 

In the case of either usual or unexpected uses of the mill 
installation, no additional forcfjs arise from the eleotromotor. 
and no forces from the motcr influence the operational security of 
the mill* 

5* ff.far Ylteret^ona.,,ana. Bwnriing JlQiat 

Geer vibrations are in any ease very minimal. 

.Measurements provided values which, in the case of full load, 
were substantielly below the VDI standard. 

If the installation is in the vicinity of housing developments, 
the usual requirements must be met. Among these must be considered 
ground conditions, and foundations must be designed in an appropriate 
way. 


The vibration behavior of the eleotromotor should be considered 
in a similar way* 


The noise situation must be considered in oon;)unction with 
all component noise sources (mill. gear, motor, ventilator, factory 


10 


nois«s» «to*)* 


0«n«rally» th« -/iva group and tha mill ara plaoad in a oloaad 
room. Tha gaar room ahould ba aound-iaolatad againat noisa 
amisaion into tha outaida in tha aama way tha mill roon^ ia. 

Tha praotioa of locating tha antira milling oparation within 
•ona harmatioally aaalad mill building haa provan to ba aooaptabla. 

Special atapa to anaura tha low noiaa amiaaion laval of tha 
planataxy gaar wara not pravioualy. nacaaaaxy* ainoa tha noiaa of 
tha mill waa graatar than that of tha oorraaponding gaara* Furthar- 
mora. operational aafaty ia naturally more important than great 
quiet in running oparation* 

Navarthalaaa* doaign altarationa wara carried out which 
provided ‘good poaaibilitiaa for noiaa reduction* aapacially in 
tha firat ataga* 

Although tha grinding noiaa of tha mill can hardly ba altered « 
tha antira noiaa output of tha inatallation can ba reduced by tha 
improvement of tha noiaa oharaotariatioa of individual alamanta* 

Thia ia true ainca not only tha intanaity, but alao tha load 
diatribution ia important. 

Tha following maaaurad valuaa in a cement grinding inatalla- 
tion aupport thia oontantioni 

In an exposed measuring point outside a cement factory* tha 
noise level in the dominant Terz bands increased by 6.4 dB in tha 
400 Hz band and 9*9 dB in the 500 Hz band whan tha ventilator 
was turned on» whan tha antira cement mill with planetary gear 
waa alao turned on* there waa only a further laval inoraaaa of 0.4 
and 0.6 dB raapactivaly. 
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In anoth«r maasuramant point, tht noitt Itvtl oama to 
^5*5 dB (A) without ball mill, without planotary goar, and without 
vontilator - 48.6 dB (A) with optrating vantilator, and 46.8 dB (A) 
with operating ball mill with planataiy gaar. 

6. instrYil ratatign 

In ordar to load tha na twork mora avanly, larga milling 

inatallationa oparata during tha night. Oparating intarruptioni 
ara locatad in tha timaa of paak currant oonaumption. If tha 
'installation cannot ba oparatad in continual fashion, tha mill must 
ba started aach 24 hours from aithar a partial or fully ooolad 
condition. Tumbling action, and changes in shape which arise, take 
placa until tha oparating tamparatura is aohiovad. 

Positional displaoamants of tha mill oonnaction flangas during 
tha warm-up tima sra oompansatad for by tha iaw clutch coupling 
systam with intarmadiata shaft. Thus no unaooaptabla offset on 
tha driva alamants arisas. As a rasult thara is no naad for intar- 
val rotation for tha avoidanoa of mill daformation during tha cooling 
prooass. 

Navarthalass, aftar tha mill is tumad off, it can ha tumad 
by' 180^ in pradatarminad tima intarvals by tha usa of tha auxiliary 
driva . 

Whan doing this, it is important to assure that tha mill is 
alway.i started from tha equilibrium position. 

?• Lubrication Installation and Monitoring 

Tha oil systam (Figure 4} has two chief duties to perform) 

1. Lubrication of tha bearings and gear teeth 

2. Regulation of tha thermal condition of tha planotary gear 
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Th« initalXatlon oontistt ofi 

Oil tank. 2 oil puap ffroupa (on# rtaarva)* oil filtar. oil ooolor» 
oil hoatori monitoring inatrumanta* 

A 

Qanarallyi an oil praaaura in front of tha gaar of ^ to 6 kp/om 
ia uaad* A oompound SP lubricating oil with a viaooaity of 16 to 
22^ E (140 to 170 cSt) at 50^0* ia uaad. 

Tha oil tank ia fitted with autononoualy functioning inatru* 
mentation and temperature regulation. Tha eleotrioal heating 
worka through temperature -raaiatant. thin thermal trunafar oil.. 

The apeoifio aurfaoe loading of the heating element oomaa to about 
0.75 W/om^. The thermal tranafer to the lubricating oil U carried 
out by an intermediate, wall. In thie way# any reduction of the 
lubrioating effect of the oil oauaed by looaliaed overheating or 
burning ia avoided. 

Aa a rule, a heating oapaoity of 12 kW ia provided. 

The monitoring inatrumentation for the oil entering or leaving 
the gear, effeota the drive elementa cf the inatallation directly. 

In thia way aignala are given, or opextition ia interrupted. 

* Baaioally, the following are watchedt 

♦ • 

Before entrance into the gear 
Oil preaaure 

manometer reading 

manoatat awitohing function 

Before entrance and after exit from the gear 
Oil temperature 

thermometer reading 

thermoatat awitohing function 
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If a starting blookags or an operating interruption is generated* 
it must be possible to determine in the oontrol room* just which 
instrument has been responsible. The control ourrent should be 
Interrupted by reporting of that instrument. 

The regulation of the therms ^ condition is carried out aooording 
to the temperature of the environment by either heating or cooling. 

The lubricating oil serves as the thermal conductor. 

The drive installation is thus' largely independent of environ- 
mental temperature fluctuations. 

Depending on the water temperature differential in the oil 
cooling, the cooling water .quantities listed in Figure 8 are 
generally required. For this purpose* the water inlet temperature 
should lie below 35^C. 

The correct gear temperature is necessary for a high degree 
of efficiency and for a high degree of safety. 

Figure 9 shows the typical temperature history during the 
starting process at low surrounding temperatures. 

8.‘ Transportation 

Planetary gears are transported either as assembled units* or 
-- in larger transfer capacities — in two gear stages. 

The weight of the first gear stage comes to about 20 or 24^ 
of the entire gear weight. 

Transportation by road is possible up to s transfer capacity of 
about 6*000 KP. 
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I —Power in HP— • 

Figure 8t Required quantity of coolant water dependent on 

capacity and coolant water temperature differential. 
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Figure 9» Temperature behavior with a cold start of the drive 
installation. 


Figure 10 shows a gear for an 8,500 HP transfer capacity unit 
during transportation by road. 




Figure 10 I Second gear stage of a 6500 HP planetary gear 
during tranaportation on roads* 


8.1 - Means of Lifting and Mounting- 

Lifting procedures I for example onto the road transport 
vehicle* are generally carried out by means of a mobile crane. 

Within the machine building, on the other hand, lifting is 
better accomplished by means of a stationary crane, the lifting 
capacity of which corresponds to the weight of the first gear stage. 

By using this crane, it is possible in emergency completely 
to disassemble the planetary gear, should it become necessary. 

The necessary useful load capacity of the crane and crane hooks 
can be roughly determined by use of Table 1 . 

In exceptional cases, the drive can be mounted without the 
use of the crane, by utilizing simple equipment. This does take 
substantially more time, however. 
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Table 1 


Crane Useful Load and Height of Crane Kook for 
Kaag Mill Planetary Gears 


H 

' Original ““ 

n 

inatallation 

1 *■'* ) 

yiObil« 

Crane h 

crane 

1 

middle 

Ml 

lit 

ij 

3.6 

16s 

H 

I.T 


2;t 

3.9 


as 

3.3 


4» 

3.S 

;iw 


3.4 


di» 

4.3 



4*7 

•.4d 

iws 

h.i 

ihu 

14& 

3.4 


Completed disaseeably 
inside the inetslletion 


orane 

Biddle ( 

t 

m 

T 

3.1 

i 

1.3 

U 

3.1 

II 

It 

13 

3.1 

Si 

a.i 

IS 

3.3 

33 

S.< 

39 

3.S 

4« 

4.1 


Mounting and adjusting the drive group can be accomplished 
in 3 to 4 weeks* if the concrete foundations are capable of bearing 
the weight* and if the crane and connecting equipment are available. 
One or two gear specialists and three or four helping personnel are 
needed. 

9 * Dorroo of Efricloncy — Sconomy 

Mill planetary gears belong to the group of slow running gears 
with part circular speeds of under 10 to 15 ni/s. They behave dif- 
ferently than the fast running gears with part circular speeds of 
100 m/s and more. 

In twothed gears* losses occur in the teeth themselves* and 
in the bearings. 
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Casa hardened and preolaion ground teeth generate leas friction 
loeaos aa» for example, unhardened and unground teeth with oor- 
reapondingly larger tooth width. 

In the case of slow running central gears (double branching 
gears and planetary gears) efflcloncy moasurements are carried out 

by tho followint’ method; 

* 1. The gear is measured on the test stand without any load, 

so that loss is measured both directly and indirectly. 

2. The indirect measurement method, calibrated in this way. 
is then utilized in the installation under load. 

9.1 Unloaded running measurements on the Test Stand 

The direct measurement is carried out with calibrated torsion- 
dynamometer between the electromotor and the gear. The reported 
value corresponds to the total unloaded running loss. 

In the indirect measurement, the inlet- and outlet temperatures 
of the coolant oil are determined by precision mercury thermometers, 
end the oil quantity is determined by a calibrated volume measure. 

For the measurement of the impelling pressure of the coolant 
oil pump, calibrated manometers are used. 

The characteristic of the lubricant oil pump is measured on 
a special test stand. 

The heat carried off by the coolant oil is calculated byt 

4127 

Qu-i • ;Vhi • ‘ ^ T-j 
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‘V ■ lost power in li? 

■ coolant oil quantity in dmVmin* 

•'•••I B specific gravity of coolant oil at operating temperature 
in kp/dm^. 

» specific heat of coolant oil at operating temperature in 
kcalAp X 

x.M ■ oil temperature differenoe in 

The warm housing gives off heat to the room. The room tem- 
perature is measured in various locations at a distanoe of 1 m. 

In characteristic locations i the temperature of the housing surfaoe 
is measured. 

The heat given off to the room is oaloulated byi 


The symbols here meant 

« heat gi.^en off to the room in KP 
» « thermal transfer coefficient in Watt/m^®C 
A a Thermal transfer surface in m^ 

!i = temperature difference in 

If the total loss measured by the torsionsdynamometer is 
denoted by the following equation applies i 

p,' Pw 1 P|J 


The value S comes from the power balance at a state of rest. 

It has been demonstrated that this corresponds well with the values 
in the literature . 
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9.2 Pull-load rea&8ur#m«nf in th* InatmlUtion-: 

In tha full-load maaauramania* tha haat gi van off in tha 
cooling oil ii maaaurad in tha sama way aa in tha taata on tha 
taat stand (of. Saotion 9.1). Tha sama naaauramant apparatua ia 
uaad for this. Tha oritioal valuaa hart art thoaa whioh wara 
datarminad at idantioal maohina tamparatura at a atata of raat. 

Room tamparaturaa and housing upper surfaoa tamparaturas art 
maaaurad at tha sama locations as in tha unlosdad taat. Tha 
lubricant oil pump output Pp is darivad from tha pump oharaotaria- 
tie. Tha sum of all lossas Py is oomposad ofi 

P» P\v 1 P|j 1 P|- 

Tha powar givan up by tha coupling batwaan gaar and mill 
is darivad .from tha alaotrioally maaaurad motor powar. raduoad by 
tha gaar lojs. 

The gear efficiency '«• ia then calculated aa follows: 



The full-load gaar efficiency measured in this manner 
for such central gears . lias between 98.6 and 98.8^. 

Tha tests show that tha thermal loss Pp givan off to tha room 
comes to about 12f» of tha total loss. 

The larger portion of the loss in full -load operation comes 
in the teeth, while losses in the bearin<^'8 are substantially smaller. 

The unloaded lossas measured ooma for tha moat part in tha 
bearings. In full-load operation tha bearing lossas siaffar only 
an insignificant inoraasa. 
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'..rricloncy of the Drlva Installation 


In order to generate oomparlaons between varioue drive eolu- 
tione end to be able to Judge total loeaeti the omelency 
neea of the drive motor nuat be included. 

• 

In Europe, mostly asynohronoua motors are used for the 
driving of tube mills. The kind of full-load losses suoh motors 
have is shown by the example of a tube mill driven by a 6.4 KW motor. 

- full load loss of the asynchronous eleotromotor 

(6 kV, n - 990 min’^)i 2 , 9 % 

- full-load lose of the planetary &sar 

(n^/ng - 990/14.5 min"^)i 1.3^ 

\'he motor losses thus come to more than double the gear losses. 
Thus it is urgently necessary to seek a better motor efficiency. 

In the case of synchronous motors, the losses can generally 
be held to a better value by reactive load compensation. But still, 
other disadvantages have to be accepted. 

In any case, it must be determined whether or not the greatest 
economy has already been achieved for fast running mill motors with 
large power capacity. 

In Figure 11 the basic dependence of motor efficiency on 
rotating speed and power is represented. The efficiency climbs with 
decreasing speed and with increasing power. 

That means that the motor losses are smaller the higher the 
speed is, and if instead of two motors each with half the power, one 
motor with the full power is chosen. 
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Plgur# IX I Motor efficiency dependent on rotating 
apeed and oapaoity. 



-MilliCtt kWh — ► . ^ i. , ^ ^ 

Figure 12i Poaaible energy aaving for the drive of a 6.*!' MW tube 
ball mill by uaing higher efficiency. 


At the aame motor power, the maohine weight and prioe dooraaaaa 
with increasing apeed. 


A higher network voltage, for example 10 hCf inatead of 6 kV. 
does not have any effect on effioienoy. At higher voltages, the losses 
are usually larger. Transformer losses ooouring by power take-off 
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POOR QUAUTV 



from tho opon ntti tnd injootion into tho workinc noti»erki oomo to 
•bout 0.5^1 or on that ordor* 

Pigurt 12 thowa tha poaaibla anorgy aavinga poaaibla by an 
improvad affioianoy in tha driva ayatam of largo mill initallationa, 
aa toon in tha axtmpla of a 6»k W tuba mill* 

XO. auftlUY flf Tilth 

Whan judging tha quality of tha gaar taath* it it important to 
diatinguiahi 

- matarial quality and heat treatment 

- purpoaa-datarminad tooth data 

• gaomatrioal manufaoturing praoiaion. 

Tha ohoioa of notarial ia baaad on tha aolid-tnd walding bahavior 
on tha ona’ h;ind» and workability and auitability for haat traat»ant 
on tha othar hand* 

• 

Oaoiaiva signifioanoa ia attributed to unhindarad oaaa harden- 
ing* aapaclally of gaar parta with large dimanaiona. For example* 
tha diameter of a planetary gaar of an 8*500 HP planetary gaar liaa 
in tha aiza range of 1*75 m* 

Tha aiza of daformaticna during tha hardening prooaaa aa wall 
aa tha difficulty of dealing with a,iza altarationa which occur 
while maintaining propartiaa of quality* all inoraaaa with tha 
size of tha piece being worked on* 

Type of gear and operating conditions as well as available ' 
possibilities for treatment all have to be oonaidared whan deter- 
mining tha nature of tha gaar teeth* 

Tha actual manufactured quality is largely determined by tha 
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appropriatf accuracy valuaa* typa and magnituda of aptoial 
oorraotiona* and by tha a^llabla traating and taat aaohinaa* 

?ha boaio oonditiona to ba dai&andtd arai oonatant angular 
valooity of tha taath which oona togattior undar load* and aqualliad 
load diatribution ovar tha antira flank aurfaoa* 

» 

Tha maaauramant of tha praoiaion of tha taath in tha oaaa of 
larga piaoaa plaoaa extraordinary dtaanda on tha maaauranant equip* 
mant and alao daaanda • oonaidarabla amount of time* 

Tha moat impt.rtant ohaoka to ba made on tha taath are tha 
individual- and aggregate part error maaauramanta* aa wall aa tha 
profile- and tooth alignment taata* 

Figura 13 ahowa tha automatio divlsloi. ; aaaurament device, 

* 

Uaag SS 401* whioh oonaiata of piok-up and regulation unita* with 
a prooaaaing oomputar* 

Thia eleotronio taating inate nation makaait poaaibla auto- 
mat loally to maaaure tha diatribution deviationa and aggregate 
diatribution deviationa on gear wheela of any ohoaan aiae* and then 
to read off the valuea on a diaplayed diagram. 

Figure 14 ahowa the teating of an involute profile and the 
tooth alignment on the central pinion of t planetary gear on a 
gear wheel teating machine Maag PK-100. Thia maaauramant machine 
has cn adjustable basic circle, and la equipped with an electronic 
measurement- end printing apparatus* which permits a magnification 
of flaws up to 5000 times. 

In general* increased manufacturing quality means higher 
costs. Thus it largely depends on the proficiency of the manu- 
feoturer to create a product by a combination of accumulated 
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Figure 13 « Partial measurement being carried ou; on the tooth- 

flank grinding machine using the automatic y.aag measure- 
ment device. 



Figure 1^1 Checking the involute profile and the tooth alignment 

with the y.aag-precinicn gear wh^'Cl testing machine, with 
5000-fold magnification of imperfections. 

expertise and available means, which will meet the requirements 
of the cement manufacturing industry fro.m a standpoint of exper- 
ience and technology, and also provide needed economy. 




Since 1967, planetary iear drives for tube mills have been 
in operation for a power range of up to 8,500 KP. 
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This article pranents and di>cu.S!Be8 th« operating experience 
gained during this period. Various values reported serve the instal- 
Iftion planner end the operation specialist for the judjitent of 
operational conditions in large tube nills. One reliable method 
for the meesurement of geer efficiency is presented, and possibilities 
for e.nergy savings in large installations are suggested which 
cs^n be brought about by better efficiency. 
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